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ABSTRACT 





Diabetes is one of the endocrine disorders that reached epidemic proportions worldwide. The metabolic deregulation associated with diabetes mellitus (DM) causes 
secondary path physiologic changes in multiple organ systems that impose a tremendous burden on the individual with diabetes. Diabetic foot ulcer is becoming major 
concern of diabetic patients. The vascular insufficiency and neuropathy accompanying the diabetic foot most often necessitate amputation of the limb. With the above 
considerations we undertook the study of 50 patients of diabetic foot admitted in our institute over a period of 2 years and 6 months. The mean age of study subjects was 
53.18 + 12.89 years. Male predominance was observed in study subjects with male to female ratio of approximately 5:1. 52% had BMI above 30. Clinical examination 
of ulcers for grading revealed that the percentage of grade IV lesion was highest (44%) followed by grades III (24%). Maximum diabetic foot ulcers patients had 
duration between 8 -12 years. 36% of diabetic foot ulcer patients had HBAIc between 8.6-9.5%. There is strong correlation between various grades of diabetic foot 
ulcers and peripheral neuropathy. Males (76%) had higher signs and symptoms of peripheral neuropathy as compared to females (24%). The most common clinical 
presentation of peripheral neuropathy was intermittent claudication (28%), paresthesia (26%) and numbness. Our study also identified some important risk factors for 
diabetic foot ulcers including older age, long duration of diabetes, lack of awareness of this disease, poor glycemic control and rural residence of patients. Sensory 


neuropathy was also found to be important risk factors for diabetic foot complications. 
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INTRODUCTION: 

Diabetes, once considered as a disease of developed countries, is one of the endo- 
crine disorders that reached epidemic proportions worldwide now "!. The meta- 
bolic deregulation associated with diabetes mellitus (DM) causes secondary path 
physiologic changes in multiple organ systems that impose a tremendous burden 
on the individual with diabetes and on the health care system “'. Overall all 15% 
of individuals with diabetes mellitus will have foot ulcer during their lifetime and 
the annual incidence is 2-3% “'. Diabetic foot ulcer is becoming major concern of 
diabetic patients and those who treat them from quality of life, social and eco- 
nomical stand point. Diabetic foot is a frequent complication involving the foot 
of diabetic patient. The vascular insufficiency and neuropathy accompanying the 
diabetic foot most often necessitate amputation of the limb. 


With the above considerations we undertook the study of 50 patients of diabetic 
foot admitted in our institute over a period of 2 years and 6 months. An emphasis 
was laid on determination of neuropathy and vascular status and to study in detail 
the risk factors responsible for development of diabetic foot ulcers and subse- 
quent lower extremity amputation in patients of diabetic foot. 


AIMS AND OBJECTIVES: 
¢ Tostudy risk factors in development of diabetic foot ulcers. 


¢ Tostudy the correlation of diabetic foot ulcer with HbA Ic and glycemic con- 
trol 


¢ To study the incidence of neuropathy and peripheral vascular disease in 
patients of diabetic foot ulcers. 


¢ Tostudy the outcome of diabetic foot ulcers with available treatment in a ter- 
tiary care hospital. 


MATERIALS AND METHODOLOGY: 

A cross-sectional descriptive hospital based study consisting of 50 consecutive 
adults diagnosed with diabetes having diabetic foot ulcer at Diabetes Specialty 
Clinic in MGM Hospital, Kamothe, Navi Mumbai for a period of 2 Years (Oct 
2013 to Nov 2015). 


Adults of age more than 18 years diagnosed with DM (according to WHO crite- 
ria) and having diabetic foot ulcer of Wagner grade | to 4 were included in this 
study. 


Patients with age less than 18, gestational DM, venous ulcers, previous major 
amputations due to diabetic foot disease or those with Wagner grade 5 diabetic 
foot ulcer (i.e. gangrene of whole foot) were excluded from the study. 


Institutional ethical clearance was obtained. Informed written consent was 
obtained from all patients enrolled in the study. History and clinical features of all 


the patients were recorded in detail. Detailed examination of the involved foot 
was conducted in all patients to determine the nature of lesion, sensory and motor 
system involvement and vascularity of the limb (details recorded on pre- 
designed proforma). 


A foot deformity assessment was done which included 1. Small muscle wasting, 
2. Hammer or claw toes, 3. Bony prominence, 4. Prominent metatarsal heads, 5. 
Charcot arthropathy and 6. Limited joint mobility. 


Femoral, popliteal, dorsalis pedis and posterior tibial pulses were palpated on 
both sides to assess peripheral arterial status of all the patients. Presence of 2 or 
fewer than 4 pulses either with or without pedal edema indicated a peripheral arte- 
rial disease, which was further assessed by Ankle—Brachial Index and values < 
1.0 were considered as having Peripheral Vascular Disease. Other investigations 
like fasting blood sugar, hbalc, lipid profile were also done. Vibration sense and 
hot, cold sensations were tested in all patients by biothesiometry. 


RESULTS: 

In our study, the Mean age of study subjects was 53.18 + 12.89 years and male pre- 
dominance was observed in study subjects with prevalence of male to female as 
approximately 5.25:1. Most of the study population were farmers (54%) fol- 
lowed by housewife (12%) and businessmen (12%). 66% of study population 
had history of trauma and showing 35% increased LDL, 24% 
Hypertriglyceridemia, 16 % Hypercholesterolemia. 68 % of diabetic foot ulcer 
patients had history of smoking. Although smoking provided a higher risk for 
PVD and to diabetic foot ulcers this did not reach statistical significance in our 
study. Femoral artery pulsations were present in all patients, popliteal artery pul- 
sation (88%), Posterior tibial (44%), Dorsalis pedis (36%). Deformity was seen 
in diabetic ulcer patients, amongst them most common was limited joint mobility 
(8%) & Charcoat arthropathy (8 %). Critical examination of ulcers for grading 
revealed that the percentage of grade IV lesion was highest (44 %) followed by 
grades III (24%). [Figure 1] 





Figure 1: Distribution of Patients According to Grades of Ulcer 
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Twenty-eight percent of ulcer patients had duration of diabetes between 8.1 to 
12, followed by 24% having in duration of diabetes between 4.1 to 8 and 12.1 to 
16. The mean duration of diabetes was 11.2. 


When grade of diabetic foot ulcers were compared with duration of diabetes, it 
was found that out of 22 cases of grade 4 diabetic foot ulcer, 7 were having dura- 
tion between 12.1-16 years and 5 between 16.1-20, while in grade 3 ulcer,7 were 
having duration between 8.1-12 years and 5 between 12.1-16. Maximum dia- 
betic foot ulcers patients had duration between 8.1-12 years. [Figure 2] 
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Figure 2: Distribution According to Duration of Diabetes 








In the present study, 36 % of ulcer had HBAIc between 8.6 -9.5, followed by 
20% in HBAIC between 9.6 -10.5. There is strong evidence of relationship 
between various grade of diabetic foot ulcers and HBAIC. [Figure 3] 





Figure 3: Distribution According to HBAIc 





When grade of diabetic foot ulcers were categorized with HBAIC levels, it was 
found that out of 22 cases of grade 4 diabetic foot ulcer, 8 were having HBAIc 
between 10.6-11.5 and 6 between 9.6-10.5, while in grade 3 ulcer, 8 were having 
HBA Ic between 8.6-9.5 and 4 between 9.6-10.5. Maximum diabetic foot ulcers 
patients had HBA Ic between 8.6-9.5. 


Males (76%) had higher sign and symptoms of peripheral neuropathy as com- 
pared to females (24%). The most common clinical presentation of peripheral 
neuropathy was Intermittent claudication14 (28%), Parasthesia 13 (26%) Numb- 
ness 11 (22%). 


33.33%, 28.28% and 22.22% of grade IV , III and I ulcer had peripheral neuropa- 
thy. There is strong relationship between various grade of diabetic foot ulcers and 
peripheral neuropathy (p value 0.001). 


In this study, it was observed that 22.72% of diabetic ulcer patients with periph- 
eral neuropathy had HBAIc between 9.6- 10.5 followed by 20.45% having 
HBA Ic between 10.6 -11.5. 


In this study, it was observed that 25% of diabetic ulcer patients with peripheral 
artery disease had HBAIc between 10.6 -11.5 followed by 22.22% having 
HBA Ic between. 9.6- 10.5. 


38.88% patients of stage 2 Peripheral artery disease (PAD) had Ankle Brachial 
Index (ABI) values 0.50 TO 0.80, and 25 % of STAGE 3-Chronic Critical 
Ischemia had values 0.30 TO 0.50. No relationship could be established between 
various grade of diabetic foot ulcers and PAD (p value — 0.198) in our study. 


DISCUSSION: 

As per the demographic data obtained from patients of diabetic foot ulcers the 
mean age of study subjects was 53.18 + 12.89 years. Male predominance was 
observed in study subjects with male to female ratio of approximately 5:1. The 
above trend is reported similar in other studies. All patients had ulcers graded 3—5 
in the Wagner classification. The majority of subjects had type 2 Diabetes. Simi- 
lar finding have been reported by other studies’. In the present study, 52% had 
BMI above 30 which is similar to other studies”. In present study Occupation of 
most of the patients was farming (54%), which is consistent with findings of 
other studies”. These findings may be attributed to scant knowledge of the dis- 
ease and lack of care required to manage he disease and its complications, style of 
living in the villages and participation in farming and agricultural works and 
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bare foot walking could be the reason for affecting this group of population the 
most. 


In present study, 66% of study population had a history of trauma. In diabetes 
mellitus, trauma to the foot plays a critical role in the evaluation of the disease pro- 
cess. In a study done by Kunal Solanki et al '”, (54%) patients gave a history of 
trauma to foot. In this study 68 % of diabetic foot ulcer patients had a history of 
smoking. Smoking is an independent risk factor for increased risk of amputation 
in diabetic patients “"". Viswanathan '" found that smoking increases the risk of 
DFU by reducing blood circulation in the legs and reducing sensation in the feet. 
The percentage of grade III and IV ulcers was higher in subjects habitual of smok- 
ing. Apart from PVD, most probably uncontrolled glucose level also delays 


. . . 4 
wound healing and results in severity of ulcers“. 


Studies have shown, that duration of diabetes, impaired pain perception, absent 
dorsalis pedis, and the presence of any retinopathy were significant predictors of 
the presence of foot ulcers '"’. In the present study femoral artery pulsations were 
present in all patients, popliteal artery pulsation (88%), Posterior tibial (44%) 
and Dorsalis pedis (36%). Several other studies have reported that foot deformi- 
ties are important contributory risk factors by predisposing skin to high pressure 
at the site of the foot deformity'”'”’. In this study, most common was deformity 
was limited joint mobility (8%) & Charcoat arthropathy (8 %). In a similar study 
done by Khalid Mahmood etal. *""' patients had significant foot deformity. 


In the present study, Clinical examination of ulcers for grading revealed that the 
percentage of grade IV lesion was highest (44 %) followed by grades HI (24%). 
Similar findings were observed by by others 81 in which the majority of ulcer 
was of grade IV. Maximum diabetic foot ulcers patients had duration between 8 - 
12 years which is consistent with other studies '’. More commonly, long dura- 
tion and poor metabolic control of diabetes are thought to be factors that increase 
the risk of chronic complications “”. There is strong evidence of relationship 
between various grades of diabetic foot ulcers and HbAIC. In present study, 36 
% of diabetic foot ulcer patients had HBA Ic between 8.6 -9.5%. In another study, 
90.52% patients had HbA Ic level more than 8% "It is clear that those patients, 
with high HbAIc levels have developed more severe grades of diabetic foot 
ulcers, reflecting that poor glycaemic control is also an important contributing 
factor. 


There is strong Correlation between various grade of diabetic foot ulcers and 
peripheral neuropathy. In the present study, males (76%) had higher signs and 
symptoms of peripheral neuropathy as compared to females (24%). The most 
common clinical presentation of peripheral neuropathy was intermittent 
claudication (28%), paresthesia (26%) and numbness. In another similar study, 
(84.4%) patients had moderate to severe neuropathy '”. Also in other study, there 
were more than 75% of subjects with peripheral neuropathy’. In a study done by 
Mohammad Zubair et al '"', neuropathy was observed in 50.6% of patients in dia- 
betic foot ulcer patients. 


The pathogenesis of diabetic neuropathy includes various factors, like 
hyperglycemia, Vaso Nervorum, Protein Kinase C pathway activation, abnormal 
fatty acid metabolism, Myo-inositol, advanced glycated end product, antibody to 
neural tissue '"""', In the year 2004, four major pathogenic pathways mechanism 
explaining the hyperglycaemic nerve damage were explained in a paper 
byBrownlee M etal"”!. These four major mechanisms are increased intracellular 
formation of AGEs, increased polyol pathway, activation of protein kinase C and 
increased hemosamine pathway flux. These are now accepted as major mecha- 
nisms for causation of Peripheral neuropathy. In the present study, it was 
observed that 25% of diabetic ulcer patients with peripheral artery disease. There 
was no relationship between various grades of diabetic foot ulcers and PAD (p 
value—0.198). 


CONCLUSION: 
Our study confirmed the high prevalence of foot ulcers amongst uncontrolled 
diabetic patients. 


The study also identified some important risk factors for diabetic foot ulcers 
including older age, long duration of diabetes, lack of awareness of this disease, 
poor glycemic control and rural residence of patients which was consistent with 
other studies conducted by Rao PV, Ushabala P, Seshaiah V, et al and 
Ramachandran A, Snehalatha C, Kapur A, et al. “”*"’. Sensory neuropathy was 
also found to be important risk factors for diabetic foot complications. It is felt 
that knowledge of the risk factors is of paramount importance for early and better 
management of diabetic foot ulcers. There is a need to educate create awareness 
about diabetes and its complications, especially amongst rural populations. 


In the primary care setting, diabetic patients should be screened for foot ulcers 
annually, with higher-risk patients screened more frequently. The annual foot 
exam should include visual inspection of the feet for calluses, skin integrity, and 
bony deformities. Patients with ulcerations or gross deformities should be 
referred to a podiatrist or General surgeon depending on available resources. The 
foot exam should also include screening for loss of protective sensation with the 
Semmes-Weinstein monofilament. Inability to perceive the 10-gram load 
imparted by the filament is associated with large-fiber neuropathy and a 7-fold 
increase in the risk of ulceration. 
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In addition, diabetic patients should be screened for peripheral vascular disease 
through palpation of the dorsalis pedis and posterior tibialis pulses and 
measurement of ankle-brachial index. Patients with peripheral vascular disease 
should be given additional counseling on smoking cessation, as smoking 
worsens peripheral artery disease, and referral to a vascular surgeon should be 
considered in case significant PVD is diagnosed. 


All diabetic patients, especially those who have impaired monofilament 
sensation, should be educated about foot precautions, including daily inspection 
of the toes and feet, wearing well-fitting socks and shoes, and keeping the skin 
clean and moist. 


Conflict of Interest: None. 
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